Plaitakis, Nicklas and Desnick' reported in 1979 finding reduced activity of leukocytic glutamate dehydrogenase (GDH) in three patients with "spinocerebellar degeneration". The activities in the three patients were 38%, 29% and 31% respectively of the mean value of20 control subjects. The first patient was a 19 year old male with a cerebellar syndrome with extrapyramidal rigidity, amyotrophy and peripheral neuropathy who had previously been described by Kilroy et al.2 as a case of juvenile Parkinsonism. The other two patients were siblings with an adult onset ataxia clinically resembling olivopontocerebellar atrophy (OPCA) type IV of Konigsmark and Weiner. 3 Plaitakis, et aPsubsequently found low leukocyte GDH activity in 10 of 12 patients classified as OPCA. Mean activity in these patients was 47% of normal controls. In a later fuller account these authors reported reduction of mean GDH activity in 12 of 23 patients with multiple system atrophy (MSA) to 52% of the mean activity found in 26 healthy adult control subjects, many of them spouses of the patients studied.3 In contrast, the mean GDH activity in 65 patients with other degenerative neurological disorders including Parkinson's disease, progressive supranuclear palsy, Huntington's disease, dominant cerebellar degenerations and in six patients with MSA associated with progressive autonomic failure was similar to that found in the normal controls. The clinical features in the patients with low GDH activity resembled those of adult onset OPCA of the DejerineThomas type. Some, however, presented a predominantly cerebellar syndrome and others had widespread severe amyotrophy.
Duvoisin Two groups ofJapanese workers have also reported reduced GDH activity in OPCA patients, but the reductions were minor. "Variable" reduction in GDH activity in leukocytes and a 30% reduction in platelets was found by Yamaguchi et a19 in four of five patients classified as sporadic OPCA and in four patients with the Menzel type ofdominantly inherited OPCA. There appeared to be a correlation between the severity of 1508 Low leukocyte glutamate dehydrogenase activity does not correlate with a type ofmultiple system atrophy 1509 the clinical manifestations and platelet GDH activity. The authors concluded that low platelet GDH activity might be "quite specific" for OPCA. More recently, Konagaya et al'°found a mean reduction of total leukocyte GDH activity in a series of 12 patients classified as OPCA to only 77-7% of control values.
Sorbi et al" also reported reduced GDH activity in platelets to a mean of44% ofcontrol values in three of four patients with sporadic OPCA. They also found a more marked reduction in two affected members of a family with dominant OPCA. In another dominant OPCA family they found a different abnormality of GDH: the enzyme was not activated by ADP.
The suggestion arising from these data that defects in GDH might be associated with some forms of multiple system atrophy was rendered attractive by the finding of Plaitakis et al" of low fasting plasma glutamate tolerance in six patients with low leukocyte GDH activity. It was postulated that as a result of deficiency in this enzyme, the neuroexcitotoxin glutamate might accumulate in toxic amounts in the nervous system.'2 3 Apparent clinical benefit from feeding patients a diet high in leucine,8 14 an amino acid known to activate the enzyme, gave further support to the concept of GDH deficiency as a clinical entity.
However, the diverse findings ofthe different groups of investigators, the fact that the loss of enzyme activity was only partial, the clinical heterogeneity noted in patients with low GDH activity, and the declining proportion of patients found to be GDH deficient on further experience has given rise to doubts regarding the significance of low GDH activity. Moreover, follow up of our early GDH-deficient patients has revealed diverse pathologies.
Plaitakis et at reported that the reduction in GDH activity was limited to loss of a thermolabile fraction of GDH which corresponded to a "particulate" fraction5 separated by centrifugation. Konayaga et al'0 also found evidence of a thermolabile particulate fraction in the leukocyte enzyme. These workers found a reduction of "total" GDH activity to only 77-7% of control values in their OPCA patients but a much larger reduction of the thermolabile particulate fraction to 26-8% of control values with no reduction in the thermostable solution fraction. These findings have complicated the subject and led to the hypothesis that there may be isoenzymes of GDH, a view disputed by others. The relationship of patients with small reductions in GDH activity to those reported earlier with large reductions has been uncertain.
In view of the potential importance of an identifiable defect of an enzyme regulating an excitotoxic neurotransmitter for our understanding of the aetiology and pathogenesis of the multiple system atrophies, further studies appeared necessary. Accordingly, we undertook a fresh survey of patients and normal controls, measuring the enzyme in both leukocytes and platelets with an improved assay procedure.
Methods
Patients. A total of 35 consecutive patients presenting with adult onset ataxia or atypical Parkinsonism were studied. Twenty-six spouse and other accompanying persons of comparable age served as normal controls. To assure uniformity, blood was drawn from most of the control subjects on the same date.
The patients were classified for the purpose of the study into two major groups. The first comprised 20 patients clinically diagnosed as striatonigral degeneration or olivopontocerebellar atrophy. In agreement with Oppenheimer's views'5 these were combined under the rubric "multiple system atrophy" (MSA). These patients presented a combination of cerebellar and extrapyrimidal manifestations similar to those observed in our previous reports."8
None had dysautonomia. The second group who served as disease controls presented adult onset familial and sporadic cerebellar or spinocerebellar degenerations of unknown cause without extrapyramidal system involvement. The group included a patient with a cerebellar syndrome due to a familial leukodystrophy and a case of corticobasal degeneration recognised by the features described by Rebeiz et al'6 and more recently by Watts et al" and others.'8t" This patient developed an asymmetric syndrome of progressive rigidity, apraxia, involuntary movements and dementia. Marked grasping reflexes and extensor plantar responses were found on examination. Brain CT and MRI studies documented a corresponding asymmetric cortical atrophy most prominent in the frontal and parietal areas. Leukocyte preparation. Leukocytes were prepared from patients and control subjects by a modification ofpreviouslypublished methods (Plaitakis et al, 5 Duvoisin et aP). Briefly, 20 ml of venous blood was collected in a 30 ml syringe which had been previously wet with heparin. To the syringe was added 5 ml 6% (w/v) Dextran 70, Pharmacia Macrodex, and the contents mixed and allowed to separate for one hour. The supernatant was collected and centrifuged for 10 minutes at lOOg in a refrigerated centrifuge (Dupont Sorvall RC-5B centrifuge). The resulting pellet was rinsed (without disturbing the pellet) with 1 ml suspension medium (0-154M NaCl, 2 5 mM EDTA, pH 7 2). The pellet was then resuspended in 05 mg room temperature suspension medium: 8 mg of 0-87% (w/v) ammonium chloride was then added to lyse contaminating erythrocytes. Exactly 5 min later, the mixture was centrifuged at lOOg for 10 min in a refrigerated centrifuge. The pellet was rinsed with ice-cold suspension medium and then resuspended in the same medium. After centrifugation as above, the procedure was repeated. The final pellet was stored at -80 degrees until assay. Glutamate dehydrogenase assay Aliquots of the above samples were assayed for GDH activity in a medium containing 50 mM triethanolamine, 0-1 mM dithiothreitol, 100 mM ammonium acetate, 8 mM 2-oxoglutarate, [2] [3] [4] [5] [6] mMEDTA, 2 5 *M rotenone, 0 or I mM ADP, 100 iM NADH, final pH 8-0. Measurement was initiated by addition of the oxoglutarate and NADH disappearance was followed either by fluorimetry or spectrophotometry.6 In some cases 25 .M guanosine triphosphate, a potent inhibitor of GDH,' was added to ensure that GDH activity was being measured. Results were expressed in units; one unit equalled 1 pmol NADH oxidised per hour per mg protein.
The "heat labile" GDH activity was measured by incubating homogenates at 47 5°C for 45 minutes essentially as described by Plaitakis et at and then assaying an aliquot of this treated material using the procedure described above.
Results
Clinical studies A broad range of values for total leukocyte GDH activity was found in three groups of subjects studied: normal controls, patients with multiple system atrophy and disease controls (fig). In leukocyte homogenates from 26 control, healthy donors the activity was 1-24, (SD 0 34) units; in the 15 disease controls it was 1 17, (SD 0.25) units and in the concurrent series of 20 multiple system atrophy cases, the average activity was 1 -00 (SD 0 29) units. The mean GDH activity for this group is slightly lower than the means for the other two groups; the differences are significant at p < 0 001. There is, however, almost complete overlap in the range of values in all three groups.
The GDH values described here are the ADPstimulated activities. Basal activities (that measured in the absence ofADP) also showed no major differences between groups. Nor were there any differences in the "heat-labile" activities. The average loss of activity after incubation at 45°C for 45 minutes was 43-3% (SD 18-7), 37-7% (SD 13 5) and 47-8% (SD 21-6) for the normal controls, disease controls and the multiple system atrophy patients respectively. There was no correlation between the proportion ofheat lability and the enzyme activity measured prior to incubation in the same sample.
Analysis of the MSA group revealed no consistent clinical features distinguishing patients with low GDH activity from those with high or intermediate activities. The two patients with the lowest values and the two with the highest values presented very similar clinical features. Several normal control subjects and disease controls had values less than 50% the control values. The patient with corticobasal degeneration had the lowest valuie among the disease controls. The next lowest value was found in the patient with familial leukodystrophy.
Discussion
Leukocyte GDH activity in grouped data was significantly though only slightly lower in our MSA patients than in our normal and disease controls. Possibly, this may have reflected the effect of drugs in several patients. We have previously called attention to the fact that certain drugs including salicylates, Duvoisin, Nicklas, Ritchie, Sage, Chokroverty 2.0j indomethacin and dietary supplements containing linoleic and folic acids could produce depressed leukocyte GDH activity.' There was no association of a loss of a "heat-labile" component of GDH activity with a specific type of multiple system atrophy.
We can reject the possibility that the group mean was depressed by a few patients with a particular disorder for several reasons. First, there was no correlation between clinical features and GDH activity. Second, low GDH activity was found in patients with different identifiable disorders. For example, one of the lowest values was found in the patient with corticobasal degeneration. Third, low GDH activity was also found in some normal control subjects.
Duvoisin and Chokroverty had found low GDH activity in some first degree relatives of their index cases but not in control subjects.' They assumed that these individuals, though asymptomatic, were at risk for developing MSA at a later date and carried the presumed defective gene. However, in the present study, low GDH activity was found in some spouses and unrelated accompanying persons. It thus appears The diverse pathological findings in these patients leave little doubt that they represent at least three and probably four distinct morbid entities which could not reasonably be considered to share a common pathogenesis. We are therefore compelled on both clinical and pathological grounds to reconsider the suggestion derived from earlier work including our own that a systemic defect in glutamate regulation might be a marker for or play a pathogenetic role in a particular form of multiple system atrophy. The data now available show that low activity of the enzyme GDH does not correlate with a specific morbid entity or even a particular clinical syndrome.
